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1. SUMMARY

1.1 Objectives

The objectives of this two-year study are:

(1) Assemble three data sets to be used to test and evaluate the performance of
neural networks for automated processing and interpretation of seismic data

(Table 1).

Table 1. Seismic Data Sets for DARPA's Artificial Neural Network Technology Program

Data Set Description
Data Set #1 Data from approximately 300 events to develop and train

neural networks to perform seismic data processing and
interpretation tasks such as automated phase association,
onset time estimation, typical and atypical event recogni-
tion, and event identification [Lacoss et al., 1990].

Data Set #2 Data from approximately 30 events to test the response of
the neural networks to novelty signals. These data are
recorded at the same stations as the events in Data Set
#1, but are from different source types.

Data Set #3 Data from approximately 300 events to test the generality
and adaptability of the neural networks. These events are
recorded by stations in a different geologic environment
than the stations used for Data Set #1.

These data sets are to be provided to a group at MIT Lincoln Laboratory who is
developing and testing neural networks for the Seismic Application of DARPA's
Artificial Neural Network Technology (ANNT) Program.

(2) Evaluate the results of the neural network program in the context of monitoring
nuclear explosion testing.

1.2 Summary of the Data Sets

Three data sets were developed to test and evaluate the performance of neural
networks for automated processing and interpretation of regional seismic data. These
data sets may also be valuable for other applications related to seismic monitoring at
regional distances, and they are available at the Center for Seismic Studies (CSS) in an
Oracle database or in UNIX tar format on exabyte tapes. The data sets consist of
waveform and parametric data from >500 regional events recorded by the short-period
elements of the NORESS and ARCESS arrays in Norway, and the GERESS array in
Germany (the Oracle database at CSS also includes data from the FINESA array in
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Finland and a 3-component station in Poland called KSP). The epicentral distances are
primarily 50-2000 kin, and the magnitudes are primarily 1.0-5.0. The Oracle database
is in CSS 3.0 format, and the exabyte tapes include waveforms in the binary format
used by SAC (Seismic Analysis Code) and parametric data in ASCII tables. SAC is a
widely-used interactive analysis software package that was developed by Joseph Tull at
Lawrence Livermore National Laboratory. Detailed documentation has been developed
for each event in these data sets, and is included in a 13-volume report at the CSS.

1.2.1 Data Set #1

This first data set consists of short-period single-channel waveforms (33
channels/array), beams, and parametric data from 241 regional events recorded by the
NORESS and ARCESS arrays in Norway (Figure 1). The epicentral distances are pri-
marily 200-1800 km, and the Lg magnitudes are primarily 1.5-3.2. Most of the
events are mining explosions in the western part of the CIS, Sweden, and Finland.
However, 18 of the events are earthquakes, and 22 are presumed to be underwater
explosions. Most of the events were identified in a regional bulletin produced by the
University of Helsinki. The others were identified by Sereno [19911 on the basis of
location, origin time, SIP amplitude ratios, cepstral analysis, and past seismicity. Data
Set #1 also includes parametric data from 249 other events (e.g., arrival times, ampli-
tudes, polarization attributes, etc) recorded at NORESS and ARCESS during a continu-
ous 10-day period.

These data were selected to support MIT Lincoln Laboratory's efforts to improve
the automated performance of DARPA's Intelligent Monitoring System (IMS). The
selection criteria were based on whether or not the automated IMS event solutions
were accepted, modified or rejected by a seismic analyst [Lacoss et al., 1990; Lacoss
et al. 1991; Sereno and Patnaik, 1991). These were further categorized by the quality
of the IMS event solution (e.g., "high-quality" events were defined as those that were
detected by both NORESS and ARCESS, and whose locations were constrained by at
least 3 defining phases). The total data volume for Data Set #1 is about 1200 MBytes.
This data set is described in detail by Sereno and Patnaik [1991], and in a 7-volume
report that includes waveform and map displays for each event [Patnaik and Sereno,
1991al.

1.22 Data Set #2

Data Set #2 consists of short-period single-channel waveforms (33
channels/array), beams, and parametric data from 33 presumed earthquakes recorded at
regional distances by the NORESS and ARCESS arrays in Norway (Figure 2). The
epicentral distances are primarily 200-2000 kIn, and the event magnitudes are pri-
marily 1.0-2.9. Most of these events were reported to be earthquakes in the regional
bulletin produced by the University of Helsinki.
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Figure 1. Epicenters are plotted for the 241 events with waveforms in Data Set #1.
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Figure 2. Epicenters are plotted for the 33 events in Data Set #2.
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We selected earthquakes for Data Set #2 since over 90% of the events in Data Set #1
are explosions, and the objective of Data Set #2 was to test the response of the neural
network to novelty signals (Table 1). The data volume for Data Set #2 is about 150
MBytes. This data set is described in detail in Section 3 of this report, and in a report
that includes waveform and map displays for each of the 33 events [Mortell et al.,
1991].

1.23 Data Set #3

The third data set consists of short-period single-channel waveforms (33 chan-
nels), beams, and parametric data from 255 regional events recorded by the GERESS
array in Germany (Figure 3). The epicentral distances are primarily 50-1700 kin, and
the magnitudes are primarily 2.0-5.0. We don't have independent bulletin informa-
tion, but most of the events to the south of GERESS are probably earthquakes and
most of the events to the north are probably mining explosions (e.g., there is an active
mining region in Lubin, Poland).

GERESS is in a much different geologic and tectonic environment than the arrays
in Norway, and this data set was developed to test the generality and adaptability of
the neural networks that were trained with NORESS and ARCESS data. Events were
selected with >3 defining phases, and at least one associated regional phase at
GERESS. The data volume for Data Set #3 is about 450 MBytes. This data set is
described in detail in Section 4 of this report, and in a 5-volume report that includes
waveform and map displays for each event [Mortell et al., 19921.

1.3 Outline of the Report

This final report is divided into two volumes. Volume I (this document) is a
description of Data Sets #2-3 that were provided to MIT Lincoln Laboratory for their
neural network study [Data Set #1 was described in our annual report; Sereno and Pat-
naik, 1991]. Volume H [Patnaik et al., 1992] presents the results of evaluating MIT
Lincoln Laboratory's neural network for regional phase identification (e.g., Pn, Pg, Sn,
Lg, Rg), and our neural network for initial phase identification (P or S) using polariza-
tion attributes derived from 3-component data [Patnaik and Sereno, 199 1b].

The main technical sections of Volume I are Sections 2-4. The exchange format
for waveform and parametric data is described in Section 2. Section 3 describes Data
Set #2, and Section 4 describes Data Set #3. Section 3.1 describes the NORESS and
ARCESS arrays and instrumentation. Section 3.2 gives a description of the regional
events in Data Set #2 (e.g., location, magnitudes, distances, and identification). Simi-
larly, Section 4.1 describes the GERESS array and instrumentation, and Section 4.2
describes the regional events in Data Set #3. Our conclusions regarding these regional
seismic data sets are presented in Section 5.

5
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2. DATA EXCHANGE FORMAT

This section describes the exchange format for Data Sets #2-3. These data were
provided to MIT Lincoln Laboratory on exabyte tape in UNIX tar format, and these
tapes are available for general distribution at the Center for Seismic Studies (CSS).
Reports that include displays and information for each event were also provided to
MIT Lincoln Laboratory and the CSS. For each event, these reports include a map
showing station and event location, a listing of event origin and detection data,
waveform displays, and plots of each detecting and 3-component beam (described
below). All three data sets are also available in an Oracle database at the CSS in Ver-
sion 3.0 format [Anderson et al., 1990; Swanger et al., 1991].

2.1 Parametric Data

The data sets include parametric data generated by the automated IMS processing,
and all changes made by seismic analysts. The parametric data are stored in ASCII
files, and the format of these files are described in detail in Appendix A of Sereno and
Patnaik [1991]. Figures 4 and 5 show the directory structure for Data Sets #2-3
(directories are printed in bold-face type, and files are printed in italics). The top-level
directory includes a sub-directory called DBI that has the waveform and parametric
data for each event, and sub-directories for documentation and static data (e.g., data
that are the same for all events).

Documenta'ion Directory. The documentation directory for Data Set #1 includes
a description of the data exchange format. The format for Data Sets #2-3 differ only
slightly from the format for Data Set #1, and these differences are described in their
documentation directories. The only significant difference between the format of Data
Set #2 and Data Set #1 is the definition of the channel names used to identify the
detecting beam. Events recorded prior to November 1990 used an integer called
chanid to identify the detecting beam [Sereno and Patnaik, 1991]. After that, the
detecting beam was identified by a character channel code. The documentation direc-
tory for Data Set #2 includes a file with the mapping between the new character chan-
nel code and the older chanid. Data Set #3 uses the character channel codes in the file
names for the SAC beam files (Section 2.2). This difference is included in an updated
version of the documentation for Data Set #3 in the doc directory.

Static Data Directory. The static data directory includes the short-period instru-
ment response, individual array element locations and elevations, travel time curves for
regional phases, and standard beam recipe files. Data Set #1 includes this data for the
NORESS and ARCESS arrays in Norway, and Data Set #2 has updated beam recipe
files to include a few beams that were not in Data Set #1. The static directory for
Data Set #3 consists of the beam recipe file, the individual array element locations, and
the short-period instrument response for GERESS. The travel time tables used in this
version of the IMS are the same as the ones that are used for Fennoscandia. We are
currently developing new tables for paths to GERESS under separate DARPA funding
[Sereno et al., 1992].
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DIRECTORY STRUCTURE / DATA SET #2

Top-Level Directory

DBI doc static

Database Directory

DB1

README ExpSys Analyst EVID SAC
ExpSys_Analyst.dbl JEB.orig FEB .orig README oridXXXXX

JEB.det FEB 4et EVID.dbi oridXXXXX
IEB.apma FEB .distaz Helsinki.orig oridXXXXX
IEB.sbsnr Helsinki bul .dbl etc

MSMP.db)
CEPPKS~dbI
SPVAR.dbi

SAC Waveform Director

SAC/oridXXXXX

ARAO.se.sac ARC4 .se sac ARD9.sz.sac NRC3.sz.sac NRD8.sz.sac
ARAO.sn.sac ARC4.sn.sac NRAO.se.sac NRC4 .se~sac NRD9.sz.sac
ARAO.sz.sac ARC4.sz~sac NRAO.sn.sac NRC4 .sn.sac ARC.cbxxx.sac
ARA I.sz.sac ARCS .sz.sac NRAO.sz.sac NRC4.sz.sac ARC.cbxxx.sac
ARA2.sz.sac ARC6.sz.sac NRA 1.sz.sac NRCS.sz.sac ARC~cbxxx.sac
ARA3.sz.sac ARC7.se sac NRA2.sz.sac NRC6.sz.sac ARC.cbxxx.sac
ARBI .sz.sac ARC7.sn.sac NRA3.sz.sac NRC7.se.sac ARC cbxxx sac
ARB2.sz.sac ARC7.sz.sac NRBI.sz.sac NRC7.sn.sac ARC~cbxxx.sac
ARB3.sz.sac ARD I.sz.sac NRB2.sz.sac NRC7.sz.sac ARC.cbxxx sac
AR84.sz.sac ARD2 .sz.sac NRB3 .sz.sac NRD 1 .sz.sac NOR .cbxxx.sac
ARBS.sz.sac ARD3.sz.sac NRB4.sz.sac NRD2.sz.sac NOR.cbxx~x.sac
ARC) .sz.sac ARD4.sz.sac NRBS.sz.sac NRD3.sz.sac NOR.cbxxx.sac
ARC2.se.sac ARD5.sz.sac NRC) .sz.sac NRD4.sz.sac NOR.cbxxx.sac
ARC2.sn.sac ARD6.sz.sac NRC2.se.sac NRDS.sz.sac NOR .cbxu.sac
ARC2 .sz.sac ARD7.sz.sac NRC2.sn.sac NRD6.sz.sac
ARC3.sz.sac ARD8.sz.sac NRC2 .sz sac NRD7.sz.sac

Figure 4. The directory structure is described for Data Set #2.
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DIRECTORY STRUCTURE IDATA SET #3

Top-Level Directory

131 1 doc static

Database Directory

DBI

ExpSys_.Analyst .dbl ExpSys Analyst EVID SAC
IEB.orig FEB.orig README oridXXXXX
lEE .det FEB.det MSMP.dbl oridXXXXX
lEE .apma FEB.distaz CEPPKS~dbI oridXXXXX
IEB.sbsnr SPVAR.dbl etc

SAC Waveform Directory

SAC/tridXXXXX

GEAO.sz.sac GEC6.sz.sac GED9.sz.sac
GEAJ.sz~sac GEC7.sz sac GER.CHAN.sac
GEA2.se.sac GEDI.se.sac GER.CHAN.sac
GEA2.sn.sac GEDl.sn.sac GER.CHAN.sac
GEA2.sz.sac GEDl.sz.sac GER.CHAN.sac
GEA3.sz sac GED2 .sz.sac GER.CHAN~sac
GEE) .sz.sac GED3.sz.sac GER.CHAN~sac
GEB2.sz sac GED4.se.sac GER.CHAN.sac
GEB3.sz.sac GED4.sn.sac GER.CHAN.sac
GEB4.sz.sac GED4.szsac GER.CHAN.sac
GEBS .sz sac GEDS.sz~sac GER.CHAN.sac
GECI.sz.sac GED6.szsac GER.CHAN.sac
GEC2.sz.sac GED7.se.sac GER.CHAN.sac
GEC3.sz.sac GED7.sn.sac
GEC4.sz.sac GED7.sz~sac
GECS.sz.sac GED8.sz.sac

Figure 5. The directory structure is described for Data Set #3.
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Database Directory. The general directory structure for the parasnetric data is
shown in the middle of Figures 4 and 5. The database directory (DBI) includes four
sub-directories, and one or two ASCII files. The README file gives information for a
few specific events, and details regarding minor changes from Data Set #1. The
ExpSys..Analyst.dbl file summarizes corrections made by the analyst to the results of
the automated processing. For example, it includes the distance between the locations
determined by the expert system and the analyst, the difference in their origin times,
and the number of phases that were added or retimed by the analyst [see Appendix A;
Sereno and Patnaik, 19911.

The ExpSys directory contains the results of the automated IMS processing (these
data are not included in the Oracle database version at CSS). This includes the four
files in Figures 4 and 5 with the prefix IEB, which stands for initial event bulletin.
IEB.orig lists event origin data (latitude, longitude, depth, and origin time). IEB.det
lists detection and association data such as phase identification, arrival time, azimuth
and phase velocity estimated from f-k processing, amplitude, signal-to-noise ratio,
and frequency. IEB.apma lists results from automated particle motion analysis
[Jurkevics, 1988]. This includes estimates of rectilinearity, planarity, long- and short-
axis incidence angles, and horizontal-to-vertical power ratio for each detection.
IEB.sbsnr gives signal and noise amplitudes measured on a standard set of six beams.

The Analyst directory contains parametric data after review by a seismic analyst.
The files FEB.orig and FEB.det are similar to the corresponding files under ExpSys,
but they include changes made by the analyst (the FEB prefix stands for final event
bulletin). FEBM.disaz lists the epicentral distance and station-to-event azimuth for each
event in FEB.orig. The Analyst directory does not include particle motion or
standard-beam amplitude files since these attributes are not recalculated after analyst
review.

The EVID directory in Data Set #2 contains the identification (e.g., earthquake or
explosion) of each event in FEB.orig. This identification is based primarily on a
regional seismic bulletin produced by the University of Helsinki. The README file
gives information for a few specific events. EVIDxbI gives the identification of each
event, Helsinki.orig gives the origin information from the Helsinki Bulletin, and
Helsinki bid.bl gives the complete unedited listing from the Helsinki Bulletin. The
events in Data Set #3 were not identified because independent bulletins were not avail-
able. The other three files in the EVID directory contain data that are relevant for
event identification. MSMP.dbl lists regional P-wave magnitudes computed from the
amplitude of Pn an Pg, and regional S-wave magnitudes computed from the amplitude
of Sn and Lg (note that these are computed using distance corrections that were
developed for Fennoscandia, and probably are not accurate for paths to GERESS;
Sereno et al., 1992). The difference between these magnitudes is a possible discrim-
inant (high values of m, - mp indicate the event is an earthquake, low values are
inconclusive). The two files called CEPPKS.dbi and SPVAR.dbl give the results of
cepstral analysis, and are useful for identifying ripple-fired mining explosions
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[Baungardt and Ziegler, 1987]. These data are described in Appendix A of Sereno
and Patnaik [1991].

2.2 Waveform Data

Data Set #2 includes all available short-period waveform data recorded at
NORESS and ARCESS when the same event is detected by both arrays, and Data Set
#3 includes short-period waveform data recorded at GERESS (the Oracle database at
CSS has pointers to data recorded by all available EMS stations for each data ý-_c
including the FINESA array in Finland and a single 3-component station in Poland
called KSP). These data are stored under the SAC sub-directory shown in Figures 4
and 5. There is a separate directory for each event. These directories are labeled as
oridXXXXXX, where XXXXXX refers to the unique integer origin identification in
FEB.orig. There are separate SAC data files for each short-period channel in the
arrays (33 channels/array). These waveform data files are 7-minute segments that start
30 seconds before the theoretical Pn arrival time (based on the final event origin).
The files are named as station.channel.sac where stat'on is the station code for each
array element (e.g., NRAO, NRAI, NRA2, etc), and channel is the channel code (sz is
short-period vertical, se is short-period east, and sn is short-period north).

In addition to the single-channel waveforms, each directory includes several
coherent beams in SAC format. Coherent beams are formed by steering the single-
channel waveforms using a specified velocity and azimuth, stacking, and filtering over
a specified frequency band. These files are named as array.cbx=x.sac in Data Sets
#1-2, where array is either NOR for NORESS or ARC for ARCESS, cb stands for
coherent beam, and j= is the chanid. The beam files are named as array.CHAN.sac
for Data Set #3, where CHAN is the character channel code. The detecting beam is
defined as the standard beam with the highest snr. This beam is included for each
detection that is associated with a final origin. However, if the detecting beam is
incoherent, then it is replaced by a coherent beam that uses the same beamforming
parameters.

Coherent beams that are calculated using data from the four 3-component ele-
ments of each array are also included in each data set. Three of these beams are cal-
culated for each detection that is associated with a final event origin (one for each
component; vertical, north-south, and east-west). These 3-component beams use the
same beamforming parameters as the detecting beam, except that the array subset only
includes the four 3-component elements. For Data Sets #1-2, the number assigned to
the beam formed from the vertical components is 200 plus the chanid of the detecting
beam. Similarly, the numbers assigned to the beams formed from the north-south and
east-west components are 400 and 600 plus the chanid of the detecting beam, respec-
tively. For Data Set #3, the 3-component beams are identified as CHANz (vertical
channels), CHANew (east-west channels), and CHANns (north-south channels), where
CHAN is the character channel code of the detecting beam.

11



2.3 Documentation

The documentation for Data Set #1 includes a high-level description of the entire
data set [Sereno and Patnaik, 1991], a report on the identification of the events
[Sereno, 1991], and a 7-volume report that includes (for each event) a map showing
station and event locations, a listing of event origin and detection data, waveform
displays, and plots of each detecting and 3-component beam [Patnaik and Sereno,
1991a]. This section gives an example of the displays and information that are
included in this 7-volume report. This example is for a mining explosion in western
USSR. Figure 6 is a map showing the locations of NORESS and ARCESS, and the
event epicenter. Table 2 lists detection data before analyst review (e.g., the results of
the automated IMS processing), and Table 3 lists detection data after analyst review.
Figure 7 shows the display beams for ARCESS (these beams are displayed to the
analyst for review of the automated processing). Figure 8 plots the detecting beam for
Pn at ARCESS, and the 3-component beams (vertical, north-south, and east-west).
Similarly, Figure 9 plots the beams for Sn at ARCESS. Beams are not included for
Lg since this phase was added by the analyst (e.g., it was not detected by the
automated processing). Figure 10 shows the display beams for NORESS, and Figure
11 shows the detecting and 3-component beams for Pn at NORESS. Beams were not
computed for Sn and Lg phases at NORESS because they were added by the analyst.

Similar documentation was developed for Data Sets #2-3. The high-level
descriptions of these two data sets are given in Sections 3 and 4 of this final report,
respectively. The database report for Data Set #2 is one volume, and it includes the
event identification information from the Helsinki Bulletin [Mortell et al., 1991]. The
database report for Data Set #3 is 5-volumes [Mortell et al., 1992]. There is no docu-
mentation on the identification of these events since independent bulletins were not
available.

12



ORID= 192093 90/02/14 10 16 5.013 LAT 61.70 LON 31.37 ML 2.2

EE

NOR• pS .•

I4

Figure 6. This map shows the NORESS and ARCESS station locations, and the epi-
center of an event in Data Set #1 (after analyst review).
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3. DATA SET #2

Data Set #2 includes single-channel waveform data, beams, and parametric data
from 33 presumed earthquakes recorded at regional distances from the NORESS and
ARCESS arrays in Norway. The purpose for assembling this data set is to use it to
test the response of neural networks developed and trained with Data Set #1 to novelty
signals (e.g., signals recorded at the same stations as the events in Data Set #1, but
from different source types). Since over 90% of the events in Data Set #1 were explo-
sions, earthquakes were selected for Data Set #2.

3.1 NORESS/ARCESS Arrays

The NORESS and ARCESS arrays in Norway include 25 short-period instruments
in four concentric rings with a maximum diameter of 3 km (Figure 12). The array
configuration and sampling rate were designed to enhance the detection of regional sig-
nals [Mykkeltveit, er al., 1983; Mykkeltveit and Ringdal, 19881. The radius of the inner
ring (called the A-ring) is about 150 m. The radii of the B-, C-, and D-rings are 300
m, 700 m, and 1500 m, respectively. The number of sensors on the A-, B-, C-, and
D-rings are 3, 5, 7, and 9, respectively. The individual station locations for the
NORESS and ARCESS arrays are given in Table 4 (locations are given relative to the
reference locations listed at the bottom of this table). Four of the 25 array elements
are equipped with 3-component seismometers. These are the center element (A0), and
three sensors on the C-ring (C2, C4, and C7). The rest of the array elements only
have vertical-component seismometers. Table 5 lists the standard beams used for IMS
processing of NORESS and ARCESS data. The first column is the chanid (or beam
number) that is used to identify the detecting beam.

The NORESS and ARCESS data are continuously recorded, and the short-period
data are digitized at a rate of 40 samples/s. Figure 13 shows the short-period instru-
ment response. This response applies to all elements of the NORESS and ARCESS
arrays. The instrument response is approximately flat to velocity between 2 and 8 Hz.
The digitization gain is IOW digital counts/volt.

3.2 Regional Events

This section describes the events in Data Set #2. It gives the event locations,
magnitudes, and epicentral distances from NORESS and ARCESS.

3.2.1 Selection Criteria

All of the events in Data Set #2 are presumed to be earthquakes recorded at
regional distances from NORESS and/or ARCESS. Of the 33 events, 27 were reported
as presumed earthquakes in the regional bulletin produced by the University of Hel-
sinki. Four others were reported as earthquakes by the University of Bergen, and these
are included in the reports by Ahjos et al. [19901 or Uski and Pelkonen [1991]. The
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Figure 12. The location and array geometry are plotted for the NORESS and

ARCESS arrays k,'i ,Ture provided by Frode Ringdal, NORSAR).
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Table 4. Station Locations (NORESS and ARCESS)

NORESS ARCESS
Elevation dnorth' deasti Elevation dnorth 2  deast2

Station (kIn) (km) (km) Station (kin) (kin) (km)
NRAO .3020 .0030 .0040 ARAO .4030 1010 -.0003
NRAI .2910 .1460 .0490 ARAI .4110 .1600 .0530
NRA2 .3110 -. 1030 .1080 ARA2 .3920 -. 1210 .0770
NRA3 .2960 -.0300 -.1430 ARA3 .4020 -.0300 -. 1490
NRB1 .2990 .3210 .0700 ARBI .4140 .3360 .0820
NRB2 .3150 .0300 .3340 ARB2 .3970 .0970 .2940
NRB3 .3140 -.2980 .1430 ARB3 .3760 -.2690 .1890
NRB4 .2990 -.2170 -.2280 ARB4 .3780 -.2250 -.2310
NRB5 .2890 .1630 -.2720 ARB5 .4050 .1580 -.2830
NRCI .2990 .6870 .1090 ARCI .3810 .6900 .0810
NRC2 .3390 .3410 .6030 ARC2 .3950 .3863 .6657
NRC3 .3520 -.2380 .6470 ARC3 .3760 -.2140 .6730
NRC4 .3110 -.6570 .2080 ARC74 .3770 -.6167 .2287
NRC5 .2990 -.5690 -.3960 ARC5 .3740 -.5380 -.2960
NRC6 .3030 -.0480 -.6870 ARC6 .3950 -.0810 -.6830
NRC7 .2750 .5480 -.4470 ARC7 .3620 .5300 -.4700
NRDI .3050 1.4800 .1920 ARDI .3950 1.4910 .1350
NRD2 .3720 1.0150 1.0980 ARD2 .3660 1.1430 .9720
NRD3 .4530 .0760 1.4930 ARD3 .3310 .1880 1.6510
NRD4 .3790 -.9010 1.1890 ARD4 .3710 -.8580 1.1810
NRD5 .3480 -1.4510 .3350 ARD5 .3510 -1.4940 .2330
NRD6 .3520 -1.3260 -.6810 ARD6 .4130 -1.3470 -.6130
NRD7 .3370 -.5660 -1.3680 ARD7 .4130 -.6070 -1.3600
NRD8 .3010 .4140 -1.3360 ARD8 .3680 .3920 -1.4430
NRD9 .2780 1.2570 -.8020 ARD9 .3590 1.1730 -.7780

1. Relative to the reference location: 60.735°N, 11.541'E.
2. Relative to the reference location: 69.535*N, 25.5060E.

23



Table S. IMS Standard Beams for NORESS and ARCESS

Velocity Filter Filter Azimuth Beam
Beam (km/s) (Hz) Order (degrees) Type1  Ring Subset
201 00 1.0-3.0 3 0.0 C AO C D
202 Cc 1.5-3.5 3 0.0 C AO C D
207 cc 8.0-16.0 3 0.0 C AO A B
220 cc 1.5-2.5 2 0.0 I AO C
221 cc 2.0-4.0 3 0.0 H AO C
223 CO 5.0-10.0 3 0.0 H AO C
225 a* 3.5-5.5 3 0.0 I AO C
226 CO 3.5-5.5 3 0.0 H AO C
228 00 8.0-16.0 3 0.0 H AO C
248 11.0 1.5-3.5 3 30.0 C AO C D
249 11.0 1.5-3.5 3 90.0 C AO C D
250 11.0 1.5-3.5 3 150.0 C AO C D
251 11.0 1.5-3.5 3 210.0 C AO C D
252 11.0 1.5-3.5 3 270.0 C AO C D
253 11.0 1.5-3.5 3 330.0 C AO C D
254 cc 2.0-4.0 3 0.0 C AO C D
255 10.1 2.0-4.0 3 30.0 C AO C D
256 10.1 2.0-4.0 3 90.0 C AO C D
257 10.1 2.0-4.0 3 150.0 C AO C D
258 10.1 2.0-4.0 3 210.0 C AO C D
259 10.1 2.0-4.0 3 270.0 C AO C D
260 10.1 2.0-4.0 3 330.0 C AO C D
261 00 2.5"4.5 3 0.0 C AO B C D
262 8.8 2.5-4.5 3 30.0 C AO B C D
263 8.8 2.5-4.5 3 90.0 C AO B C D
264 8.8 2.5-4.5 3 150.0 C AO B C D
265 8.8 2.5-4.5 3 210.0 C AO B C D
266 8.8 2.5-4.5 3 270.0 C AO B C D
267 8.8 2.5-4.5 3 330.0 C AO B C D
268 0c 3.0-5.0 3 0.0 C AO B C D
269 10.5 3.0-5.0 3 30.0 C AO B C D
270 10.5 3.0-5.0 3 90.0 C AO B C D
271 10.5 3.0-5.0 3 150.0 C AO B C D
272 10.5 3.0-5.0 3 210.0 C AO B C D
273 10.5 3.0-5.0 3 270.0 C AO B C D
274 10.5 3.0-5.0 3 330.0 C AO B C D
275 cc 3.5-5.5 3 0.0 C AO B C
276 11.1 3.5-5.5 3 30.0 C AO B C
277 11.1 3.5-5.5 3 90.0 C AO B C
278 11.1 3.5-5.5 3 150.0 C AO B C
279 11.1 3.5-5.5 3 210.0 C AO B C
280 11.1 3.5-5.5 3 270.0 C AO B C
281 11.1 3.5-5.5 3 330.0 C AO B C
282 Go 4.0-8.0 3 0.0 C AO B C
283 9.4 4.0-8.0 3 30.0 C AO B C
284 9.4 4.0-8.0 3 90.0 C AO B C
285 9.4 4.0-8.0 3 150.0 C AO B C
286 9.4 4.0-8.0 3 210.0 C AO B C
287 9.4 4.0-8.0 3 270.0 C AO B C
288 9.4 4.0-8.0 3 330.0 C AO B C
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Velocity Filter Filter Azimuth Beam
Beam (kn/s) (Hz) Order (degrees) Type1  Ring Subset
289 CO 5.0-10.0 3 0.0 C AO B C
290 10.4 5.0-10.0 3 30.0 C AO B C
291 .OA 5.0-10.0 3 90.0 C AO B C
292 10.4 5.0-10.0 3 150.0 C AO B C
293 10.4 5.0-10.0 3 210.0 C AO B C
294 10.4 5.0-10.0 3 270.0 C AO B C
295 10.4 5.0-10.0 3 330.0 C AO B C
296 9.9 8.0-16.0 3 30.0 C A0 A B
297 9.9 8.0-16.0 3 90.0 C AO A B
298 9.9 8.0-16.0 3 150.0 C AO A B
299 9.9 8.0-16.0 3 210.0 C AO A B
300 9.9 8.0-16.0 3 270.0 C AO A B
301 9.9 8.0-16.0 3 330.0 C AO A B
302 15.9 1.5-3.5 3 80.0 C AO C D
303 15.9 2.0-4.0 3 80.0 C AO C D
304 15.9 2.5-4.5 3 80.0 C AO B C D
305 15.9 3.0-5.0 3 80.0 C AO B C D
306 10.0 1.5-3.5 3 30.0 C AO C D
307 10.0 2.0-4.0 3 30.0 C AO C D
308 10.0 2.5-4.5 3 30.0 C AO B C D
309 10.0 3.0-5.0 3 30.0 C AO B C D
310 cc 1.0-2.0 2 0.0 I AO C
312 00 2.0-4.0 3 0.0 I AO C
313 0 2.0-3.0 2 0.0 1 AO C
314 00 0.5-1.5 3 0.0 I AO C D

1. C = Coherent, I = Incoherent (vertical channels), H = Incoherent (horizontal channels)

25



NORESS/ARCESS Short-Period Instrument Response
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other two events in Data Set #2 were identified as earthquakes by SAIC on the basis
of location, origin time, SIP amplitude ratios, cepstral analysis, and past seismicity.
All of the events are located between 50°N and 80°N, and between -10*E and 40°E.

3.22 Event Description

Table 6 lists the 33 events in Data Set #2. The first column lists the orid, which
is a unique positive integer that identifies each event in the CSS database [Anderson et
al., 19901. The rest of the columns list the event origin time, latitude, longitude, local
magnitude (ML), number of detecting stations, and number of defining phases.

The event locations are plotted in Figure 14. Of the 33 events, 25 were recorded
at both NORESS and ARCESS, and 29 had at least 3 defining phases. The epicentral
distances are primarily between 200 and 2000 km (Figure 15). The magnitude distri-
bution is plotted in Figure 16. This magnitude is computed from the short-term aver-
age amplitude of regional phases (Pn, Pg, Sn, and Lg) measured on a 2-4 Hz
incoherent beam [Bache et al., 1991). The magnitudes of the events in Data Set #2
are primarily between 1.0 and 2.9.

3.23 Sample Waveforms

This section shows some samples of the waveform data. Figure 17 is a map with
epicenters of 6 events in Data Set #2 (the events are labeled by the orid in Table 6).
Figures 18-23 display the 3-component waveforms recorded by the center element of
the closest array to each event. The waveforms for the other events in Data Set #2 are
of similar quality.
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Table 6. Events in Data Set #2

orid Origin Time Latitude Longitude ML nsta' ndef2

129581 89 10 19 02:49:12.486 61.93 7.14 .86 1 2
140781 891028 01:36:35.681 54.83 16.51 2.75 2 3
152076 89 11 03 20:11:43.862 73.18 6.06 1.96 2 4
152950 89 !1 04 18:04:03.898 72.35 1.17 2.85 2 4
152953 89 11 04 18:17:16.057 72.25 1.23 2.82 2 4
161045 89 11 11 03"12:43.839 80.11 21.33 2.59 2 3
167872 89 11 13 17:57:46.185 77.51 19.38 2.85 1 2
175129 89 1 16 13:22:37.823 64.20 20.99 1.66 2 6
178823 89 11 19 22:19:08.942 69.76 17.46 1.57 2 3
189645 89 11 25 05:12:40.420 60.35 5.66 .32 1 2
191216 9001 13 03:56:22.534 64.58 7.73 .00 2 6
197884 90 05 02 13:24:42.971 57.58 5.70 1.47 2 4
198078 90 05 12 07:27:06.386 73.04 12.19 1.74 2 4
200221 90 05 28 04:43:41.075 74.95 10.00 2.09 2 4
200342 9006 14 11:37:05.777 80.18 4.81 2.38 2 3
201814 9007 25 02:35:42.874 74.59 10.42 2.24 2 3
202414 90 08 22 04:08:30.471 63.86 20.81 2.12 2 6
206832 90 10 13 03:58:59.733 70.77 5.31 2.51 2 6
207992 90 10 18 00:30:34.609 61.49 5.21 2.40 1 3
208137 901025 04:52:11.131 76.49 11.29 2.02 2 4
208529 90 10 28 20:47:08.657 58.57 .95 1.84 1 2
208583 90 10 30 23:08:10.908 67.65 15.41 2.29 2 7

8256 90 12 16 00:58:27.571 71.11 28.36 2.26 3 8
7795 91 01 15 17:00:03.429 71.53 13.92 2.18 3 5
8013 91 01 20 01:56:14.748 71.62 14.89 2.03 3 6
8527 91 01 23 15:45:36.910 62.07 4.85 2.79 1 3

13838 91 03 12 07:23:20.456 66.86 22.84 1.82 3 7
14662 91 03 16 00:01:39.114 68.21 10.80 2.46 3 6
15982 91 03 28 17:54:39.426 66.60 8.52 2.71 3 5
18644 91 04 17 17:47:29.072 67.11 24.16 2.11 3 8
23957 91 05 23 19:24:54.759 61.50 24.99 1.39 2 5
25522 91 06 05 09:05:53.049 64.40 21.92 1.71 2 4
25748 91 06 06 12:46:11.596 65.50 22.90 3.22 3 8

1. The number of detecting stations.
2. The number of defining phases (number of phases used to locate the event).
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Figre 14. Epicenters are plotted for the 33 events in Data Set #2.
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4. DATA SET #3

Data Set #3 includes single-channel waveform data, beams, and parametric data
from 255 regional events recorded at the GERESS array in Germany. GERESS is in a
much different geologic and tectonic environment than the arrays in Norway, and this
data set was developed to test the generality and adaptability of the neural networks
that were trained with NORESS and ARCESS data (Data Set #1).

4.1 GERESS Array

The GERESS array in Germany includes 25 short-period seismometers in four
concentric rings with a maximum diameter of about 4 km (Figure 24). The array
configuration and sampling rate were designed to enhance the detection of regional sig-
nals, and were based on the design of the arrays in Fennoscandia [Mykkeltveit, et al.,
1983; Mykkeltyeit and Ringdal, 1988; Harjes, 199Q, Harjes et al., 19911. The radius
of the inner ring (called the A-ring) is about 200 m. The radii of the B-, C-, and D-
rings are 430 m, 925 m, and 1988 m, respectively. The number of sensors on the A-,
B-, C-, and D-rings are 3, 5, 7, and 9, respectively. The indi-idual station locations
for the GERESS array are given in Table 7 (locations are given relative to the refer-
ence location listed at the bottom of this table). Four of the 25 array elements are
equipped with 3-component seismometers. One is on the A-ring (A2), and three are
on the D-ring (DI, D4, and D7). The rest of the short-period array elements only have
vertical-component seismometers. Table 8 lists the standard beams used for IMS pro-
cessing of GERESS data. The first column is the chan (or channel name) that is used
to identify the detecting beam.

The GERESS data are continuously recorded, and the short-period data are digi-
tized at a rate of 40 samples/s. Figure 25 shows the short-period instrument response.
This response applies to all short-period elements of the GERESS array. The instru-
ment response is approximately flat to velocity beyond about 1 Hz. The total sensi-
tivity is 26.53 counts/(nm/s) at 5 Hz [Harjes et al., 1991]. Figure 25 does not include
the digital filtering and resampling stages which cannot be conveniently expressed in
terms of poles and zeroes. The FIR filters (applied in the time domain) produce a
sharp cut-off near 20 Hz. The complete response (analog and digital) is given by
Harjes et al. [ 1991].

4.2 Regional Events

This section describes the events in Data Set #3. It gives the event locations,
magnitudes, and epicentral distances from GERESS.

4.2.1 Selection Criteria

The events in Data Set #3 were required to have latitudes between 351N and
62*N and longitudes between -10%E and 35WE (regional distance to GERESS), origin
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Table 7. GERESS Station Locations

GERESS
Elevation dnorth& deast'

Station (km) (k1m) (k1m)
GEA0 1.022 -.923 .008
GEA1 1.004 -.984 .157
GEA2 1.056 -.722 .007
GEA3 1.012 -1.120 -.131
GEBI 1.010 -.699 .427
GEB2 1.089 -.615 -.227
GEB3 1.054 -.899 -.425
GEB4 1.001 -1.372 -.222
GEB5 .972 -1.177 .302
GECI 1.023 -.441 .606
GEC2 1.132 .000 .000
GEC3 1.070 -.292 -.730
GEC4 1.098 -1.084 -1.051
GEC5 1.004 -1.716 -.460
GEC6 .937 -2.048 .515
GEC7 .981 -1.090 .930
GEDI 1.057 .729 .982
GED2 .994 .909 -.361
GED3 .945 .180 -1.447
GED4 1.035 -.698 -1.621
GED5 1.080 -2.252 -1.571
GED6 1.079 -2.851 -.410
GED7 .955 -2.706 1.009
GED8 .933 -1.358 1.777
GED9 .982 -.214 1.628

1. Relative to the reference location: 48.8451 0N, 13.7016 0E.
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Table L, IMS Standard Beams for GERESS

Velocity Filter Filter Azimuth Beam
Chin (kn/9) (Hz) Order (degre) Type1  N Ring Subset

Curent IMS Beam Deployment

GAO 12.00 1.0-3.0 3 0.0 C 21 A B C D
GA02 12.00 1.0-3.0 3 30.0 C 21 A B C D
GA03 12.00 1.0-3.0 3 60.0 C 21 A B C D
GA04 12.00 1.0-3.0 3 90.0 C 21 A B C D
GA05 12.00 1.0-3.0 3 120.0 C 21 A B C D
GA06 12.00 1.0-3.0 3 150.0 C 21 A B C D
GA07 12.00 1.0-3.0 3 180.0 C 21 A B C D
GAO8 12.00 1.0-3.0 3 210.0 C 21 A B C D
GA09 12.00 1.0-3.0 3 240.0 C 21 A B C D
GAIO 12.00 1.0- 3.0 3 270.0 C 21 A B C D
GA1l 12.00 1.0-3.0 3 300.0 C 21 A B C D
GA12 12.00 1.0-3.0 3 330.0 C 21 A B C D
GCOI 4.00 0.7-3.0 3 0.0 C 21 A B C D
GC02 4.00 0.7-3.0 3 30.0 C 21 A B C D
GCO3 4.00 0.7-3.0 3 60.0 C 21 A B C D
GCO4 4.00 0.7-3.0 3 90.0 C 21 A B C D
GCOS 4.00 0.7-3.0 3 120.0 C 21 A B C D
GCO6 4.00 0.7-3.0 3 150.0 C 21 A B C D
GCO7 4.00 0.7-3.0 3 180.0 C 21 A B C D
GC0 8 4.00 0.7-3.0 3 210.0 C 21 A B C D
GCO9 4.00 0.7-3.0 3 240.0 C 21 A B C D
GCIO 4.00 0.7-3.0 3 270.0 C 21 A B C D
GCII 4.00 0.7-3.0 3 300.0 C 21 A B C D
GC12 4.00 0.7-3.0 3 330.0 C 21 A B C D
GFI1 6.50 2.5-4.5 3 0.0 C 16 A B C D
GF02 6.50 2.5-4.5 3 30.0 C 16 A B C D
GF03 6.50 2.5-4.5 3 60.0 C 16 A B C D
GF04 6.50 2.5-4.5 3 90.0 C 16 A B C D
GF05 6.50 2.5-4.5 3 120.0 C 16 A B C D
GF06 6.50 2.5-4.5 3 150.0 C 16 A B C D
GF07 6.50 2.5-4.5 3 180.0 C 16 A B C D
GFOO 6.50 2.5-4.5 3 210.0 C 16 A B C D
GF09 6.50 2.5-4.5 3 240.0 C 16 A B C D
GFIO 6.50 2.5-4.5 3 270.0 C 16 A B C D
GFI i 6.50 2.5-4.5 3 300.0 C 16 A B C D
GF12 6.50 2.5-4.5 3 330.0 C 16 A B C D
GFI3 6.50 6.0-10.0 3 0.0 C 16 A B C D
GF14 6.50 6.0-10.0 3 30.0 C 16 A B C D
OFI5 6.50 6.0-10.0 3 60.0 C 16 A B C D
GFI6 6.50 6.0-10.0 3 90.0 C 16 A B C D
GF17 6.50 6.0-10.0 3 120.0 C 16 A B C D
GFI8 6.50 6.0-10.0 3 150.0 C 16 A B C D
GF19 6.50 6.0-10.0 3 180.0 C 16 A B C D
OF2D 6.50 6.0-10.0 3 210.0 C 16 A B C D
GF21 6.50 6.0-10.0 3 240.0 C 16 A B C D
GF22 6.50 6.0-10.0 3 270.0 C 16 A B C D
GF23 6.50 6.0-10.0 3 300.0 C 16 A B C D
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Velocity Filter Filter Azimuth Beam
Ch n(km/s) (Hz) Order (degrees) Type1  N Ring Subset
OF24 6.50 6.0-10.0 3 330.0 C 16 A B C D
GF77 0.33 8.0-16.0 3 305.0 C 11 A0 A B C D
GF98 0.33 8.0-16.0 3 99.0 C 11 AO A B C D
GF99 0, 0.7-2.0 3 0.0 C 17 AO C D
GG01 8.50 1.0-4.0 3 0.0 C 16 A B C D
GG02 8.50 1.0-4.0 3 30.0 C 16 A B C D
GG03 8.50 1.0-4.0 3 60.0 C 16 A B C D
GG04 8.50 1.0-4.0 3 90.0 C 16 A B C D
GG05 8.50 1.0-4.0 3 120.0 C 16 A B C D
GG06 8.50 1.0-4.0 3 150.0 C 16 A B C D
GG07 8.50 1.0-4.0 3 180.0 C 16 A B C D
GG08 8.50 1.0-4.0 3 210.0 C 16 A B C D
GG09 8.50 1.0-4.0 3 240.0 C 16 A B C D
GGi0 8.50 1.0-4.0 3 270.0 C 16 A B C D
GGI 1 8.50 1.0-4.0 3 300.0 C 16 A B C D
GG12 8.50 1.0-4.0 3 330.0 C 16 A B C D
GG13 8.50 6.0-10.0 3 0.0 C 16 A B C D
GG14 8.50 6.0-10.0 3 30.0 C 16 A B C D
GG15 8.50 6.0-10.0 3 60.0 C 16 A B C D
GG16 8.50 6.0-10.0 3 90.0 C 16 A B C D
GG17 8.50 6.0-10.0 3 120.0 C 16 A B C D
GG18 8.50 6.0-10.0 3 150.0 C 16 A B C D
GG19 8.50 6.0-10.0 3 180.0 C 16 A B C D
GG20 8.50 6.0-10.0 3 210.0 C 16 A B C D
GG21 8.50 6.0-10.0 3 240.0 C 16 A B C D
GG22 8.50 6.0-10.0 3 270.0 C 16 A B C D
GG23 8.50 6.0-10.0 3 300.0 C 16 A B C D
GG24 8.50 6.0-10.0 3 330.0 C 16 A B C D
GHI1 a* 1.0-4.0 3 0.0 1 16 A B C D
G1H12 0@ 8.0-16.0 3 0.0 I 13 A B C
G(13 CO 0.7-2.0 3 0.0 I 20 AO A C D
GVII 00 0.7-2.0 3 0.0 I 25 AO A B C D
GVI2 00 1.0-4.0 3 0.0 I 21 A B C D

Initial IMS Beam Deployment (before May 3, 1991)

G(011 C 0.5-1.5 3 0.0 C 10 AO D
G021 00 1.0-3.0 3 0.0 C 17 AO C D
G031 a* 1.5-3.5 3 0.0 C 17 AO C D
G032 11.00 1.5--3.5 3 30.0 C 17 AO C D
G033 11.00 1.5-3.5 3 90.0 C 17 AO C D
G034 11.00 1.5-3.5 3 150.0 C 17 AO C D
G035 11.00 1.5- 3.5 3 210.0 C 17 AO C D
G036 11.00 1.5-3.5 3 270.0 C 17 AO C D
G037 11.00 1.5-3.5 3 330.0 C 17 AO C D
G038 15.80 1.5-3.5 3 80.0 C 17 AO C D
G039 10.00 1.5-3.5 3 30.0 C 17 AO C D
G(041 0 2.0-4.0 3 0.0 C 17 AO C D
G042 10.20 2.0-4.0 3 30.0 C 17 AO C D
G043 10.20 2.0-4.0 3 90.0 C 17 AO C D
G(0 10.20 2.0-4.0 3 150.0 C 17 AO C D
G(045 10.20 2.0- 4.0 3 210.0 C 17 AO C D
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Vkiity Fike Fill Azimuth Bom
Chm (kn/) (Hz) Order (dne) Type' N Ring Subec
0046 10.20 2.0-4.0 3 270. C 17 AO C D
0047 10.20 2.0-4.0 3 330.0 c 17 AO C D
0048 15.80 2.0-4.0 3 80.0 C 17 AO C D
G049 10.00 2.0-4.0 3 30.0 C 17 AO C D
0051 -- 2.5--4.5 3 0.0 C 22 AO B C D
G052 8.90 2.5-4.5 3 30.0 C 22 AO B C D
G053 8.90 2.5-4.5 3 90.0 C 22 AO B C D
G054 8.90 2.5-4.5 3 150.0 C 22 AO B C D
G055 8.90 2.5-4.5 3 210.0 C 22 AO B C D
G056 8.90 2.5-4.5 3 270.0 C 22 AO B C D
G057 8.90 2.5-4.5 3 330.0 C 22 AO B C D
G058 15.80 2.5-4.5 3 80.0 C 22 AO B C D
G059 10.00 2.5-4.5 3 30.0 C 22 AO B C D
G061 00 3.0-5.0 3 0.0 C 22 AO B C D
G062 10.50 3.0-5.0 3 30.0 C 22 AO B C D
G063 10.50 3.0-5.0 3 90.0 C 22 AO B C D
G064 10.50 3.0-5.0 3 150.0 C 22 AO B C D
G065 10.50 3.0-5.0 3 210.0 C 22 AO B C D
G066 10.50 3.0-5.0 3 270.0 C 22 AO B C D
G067 10.50 3.0-5.0 3 330.0 C 22 AO B C D
G068 15.80 3.0-5.0 3 80.0 C 22 AO B C D
G069 10.00 3.0-5.0 3 30.0 C 22 AO B C D
G071 @0 3.5-5.5 3 0.0 C 13 AO B C
G072 11.10 3.5-5.5 3 30.0 C 13 AO B C
G073 11.10 3.5-5.5 3 90.0 C 13 AO B C
G074 11.10 3.5- 5.5 3 150.0 C 13 AO B C
G075 11.10 3.5- 5.5 3 210.0 C 13 AO B C
G076 11.10 3.5--5.5 3 270.0 C 13 AO B C
G077 11.10 3.5-5.5 3 330.0 C 13 AO B C
G001 00 4.0-8.0 3 0.0 C 13 AO B C
G002 9.50 4.0-8.0 3 30.0 C 13 AO B C
G063 9.50 4.0-8.0 3 90.0 C 13 AO B C
G006 9.50 4.0-8.0 3 150.0 C 13 AO B C
G085 9.50 4.0-8.0 3 210.0 C 13 AO B C
G086 9.50 4.0-8.0 3 270.0 C 13 AO B C
G087 9.50 4.0-8.0 3 330.0 C 13 AO B C
G091 @0 5.0-10.0 3 0.0 C 13 AO B C
G092 10.50 5.0-10.0 3 30.0 C 13 AO B C
G093 10.50 5.0-10.0 3 90.0 C 13 AO B C
G094 10.50 5.0-10.0 3 150.0 C 13 AO B C
0095 10.50 5.0-10.0 3 210.0 C 13 AO B C
G096 10.50 5.0-10.0 3 270.0 C 13 AO B C
G097 10.50 5.0-10.0 3 330.0 C 13 AO B C
G0101 0 8.0-16.0 3 0.0 C 9 AO A B
G102 9.90 8.0-16.0 3 30.0 C 9 AO A B
G103 9.90 8.0-16.0 3 90.0 C 9 AO A B
G104 9.90 8.0-16.0 3 150.0 C 9 AO A B
G105 9.90 8.0-16.0 3 210.0 C 9 AO A B
G106 9.90 8.0-16.0 3 270.0 C 9 AO A B
G107 9.90 8.0-16.0 3 330.0 C 9 AO A B
GH001 0 2.0-4.0 3 0.0 H 8 A D
GH02 3.5-5.5 3 0.0 H 8 A D
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Velocity Falter Filter Azimuth Beam
Chan (km/s) (Hz) Order (degrees) Type '  N Ring Subset
GH03 oo 5.0-10.0 3 0.0 H 8 A D
GH04 00 8.0-16.0 3 0.0 H 8 A D
OVO 00 0.5-1.5 3 0.0 I 10 AO D
GV02 a* 1.0-2.0 3 0.0 I 8 AO C
GV03 o0 1.5-2.5 3 0.0 I 8 A0 C
GV04 00 2.0-3.0 3 0.0 I 8 AO C
GV05 00 2.0-4.0 3 0.0 1 8 AO C
GV06 0o 3.5-5.5 3 0.0 I 8 AO C

1. C = Coherent, I I Incoherent (vertical channels), H = Incoherent (horizontal channels)

GAOI-GV12 are the current beams used for IMS processing (since May 3, 1991). A different naming
convention was used when this beam set was initially deployed. Some arrivals at GERESS in the IMS
database between May 3. 1991 and May 5. 1991 have channel names that are not listed in Table 8.
The mapping between the old names and the new names (in Table 8) is:

GAO--GAI2 are also called GF)OI-GF))2
GCOI-GCI2 are also called GF30I-GF312
GFOI-GF24 are also called GF601-GF624
GF77 is also called GF777
GF8A is also called GF888
GF99 is also called GF999
GGOI-GG24 is also called GF701-GF724

AO is the center element of the array, but it is currently excluded from most beams. Beams
GAOI-GCI2 and GVI2 use 21 array elements on the A-, B-, C- and D-rings (A3, B3 and D5 are
excluded). Beams GI01-GF24 and GGO1-GHII use 16 elements on the A-, 3-, C-, and D-rings (A3,
B3, C1, C3, C5, D2, D5, D8 and D9 are excluded). Beams GF77 and GF88 use 11 array elements: AO,
A3, B3, B5, Cl, C3, C5, D2, D)5, D8, and D9. G199 uses all 16 elements on the C- and D-rings plus
AO. GH12 uses all elements on the A-, B-, and C-rings except A3 and B3. GH13 uses all elements on
the A-, C-, and D-rings plus AO, and GVIi uses all 25 short-period elements.

The initial GERESS beam deployment (before May 3, 1991) is listed in the bottom half of Table 8
(beams G01I -GV06). These use all short-period vertical elements on the rings that are indicated
(except GHOI-GH04 which only use the horizontal components).
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GERESS Short-Period Instrument Response
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Figure 25. The shom-period instrumnt response is plotted for GERESS.
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times after 31 March 1991, at least 3 defining phases, and at least one associated phase
at GERESS. The restriction on origin time was to ensure that a stable version of IMS
was used. IMS became operational in November, 1990, and the rules and processing
parameters were modified frequently to improve performance until the end of March,
1991.

4.22 Event Description

Table 9 lists the 255 events in Data Set #3. The first column lists the orid, which
is a unique positive integer that identifies each event in the CSS database [Anderson et
al., 1990]. The rest of the columns list the event origin time, latitude, longitude, local
magnitude (ML), number of detecting stations, and number of defining phases.

The event locations are plotted in Figure 26. The epicentral distances are pri-
marily between 50 and 1700 km (Figure 27). The magnitude distribution is plotted in
Figure 28. This magnitude is computed from the short-term average amplitude of
regional phases (Pn, Pg, Sn, and Lg) measured on a 2-4 Hz incoherent beam [Bache
et al., 19911. The magnitudes of the events in Data Set #3 are primarily between 2.0
and 5.0. The correction tables used to calculate these magnitudes were developed by
Sereno et al. [1992], who find that the magnitude bias between GERESS and the
arrays in Fennoscandia is approximately 1.0 ML.

The events in Data Set #3 were not identified because independent bulletins were
not available. However, most of the events to the south of GERESS are probably
earthquakes. For example, over 60% of these are also in the PDE bulletin. In con-
trast, most of the events to the north of GERESS are mining explosions (Figure 29).
For example, Data Set #3 includes about 55 events from an active copper mining
region in Lubin, Poland [e.g., Gibowicz, 1987; Gestermann, 1992], and about 15
events near the Dubna Skala mine near Cracow, Poland (this mine was included in a
list provided to CSS by Klaus-G. Hinzen at BGR in Germany). There are also 10
events that are close to two mines that are about 100 km southwest of Berlin called
Dubring and Schwarzkollm (these were also reported by Klaus-G. Hinzen). Unfor-
tunately, we don't have details regarding the activities of these mines, so it is difficult
to associate the events recorded at GERESS with them. Both earthquakes and chemi-
cal explosions occur in the Volgtland area, about 180 km to the northwest of GERESS
[Wuster, 1992].

4.23 Sample Waveforms

This section shows some samples of the waveform data. Figure 30 is a map with
epicenters of 8 events in Data Set #3. Figures 31-38 display waveforms for these
events recorded by one of the 3-component elements of the GERESS array. The data
drop-outs are common for the horizontal channels, and also occur occasionally on the
vertical channels. It is uncertain whether these occur as part of the GERESS instru-
mentation, or if they occur during transmission of the data to the NORSAR Data
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Table 9. Events in Data Set #3

orid Origin Time Latitude Longitude ML nsta' ndef'
16193 91 04 01 01:40.39.919 51.38 16.73 2.20 3 4
16290 91 0401 11:4&.18.399 56.40 22.54 1.58 3 7
16201 91 04 04 19:03:41.358 43.66 18.84 3.01 3 4
16202 91 04 04 20:43:05.067 45.92 16.55 3.27 1 3
16736 91 04 05 05:37:08.553 50.23 6.67 2.54 2 3
17185 91 04 07 08:35:12.681 51.64 15.96 2.27 4 8
17286 91 04 08 00:19:58.861 51.35 16.38 2.21 2 4
17301 91 04 08 09:45:59.715 51.43 16.13 2.53 2 3
17536 91 04 10 01:31:23.321 35.89 21.05 4.04 4 4
17627 91 04 10 11:01:34.217 50.35 14.04 2.15 2 3
17565 91 04 11 08:37:21.954 42.35 24.92 2.91 4 4
17654 91 04 11 18:02:29.675 51.53 16.15 2.43 2 5
17658 91 04 11 19:31:13.357 51.59 16.52 2.42 4 6
17874 91 04 12 08:23:10.529 50.88 16.16 2.55 1 3
17976 91 04 13 14:14:14.269 51.44 16.57 3.23 1 3
18594 91 04 16 10:04:51.709 52.12 13.80 3.15 2 4
18742 91 04 18 04:37:39.429 51.63 15.87 2.81 3 5
19192 91 04 18 18:51:13.180 50.50 18.56 2.86 1 3
19237 91 04 18 19:24:06.566 40.19 16.02 3.94 4 5
19450 91 04 20 09:23:12.897 50.15 13.55 2.24 2 3
22454 91 04 23 09:24:30.708 59.27 26.99 2.28 3 4
19060 91 04 24 13:21:53.893 36.89 14.98 4.01 4 4
19717 91 04 25 00:19:18.117 50.48 18.01 2.72 1 3
19813 91 04 25 08:49:18.372 61.17 22.84 1.58 2 3
19827 91 04 25 11:17:39.151 44.48 13.74 3.39 1 3
19831 91 04 25 11:51:42.375 51.56 16.13 2.88 4 7
19843 91 04 25 12:18:33.383 51.49 16.50 3.43 1 3
20061 91 04 27 04:25:26.887 51.51 16.16 1.97 2 3
20199 91 04 27 15:54:57.353 39.59 20.01 4.04 4 5
20202 91 04 27 16:35:33.324 56.25 12.01 1.96 4 8
20205 91 04 27 18:44:56.809 46.62 14.87 3.38 4 4
20209 91 04 27 19:54:26.095 42.81 17.53 3.08 3 4
20249 91 04 28 21:24:18.962 45.72 27.37 3.38 4 4
21325 91 04 29 18:16:48.887 50.74 31.20 2.14 3 3
21392 91 04 29 21:38:12.061 43.50 18.56 3.20 4 5
20297 91 04 30 03:40.36.346 51.55 16.33 2.97 4 5
20077 91 04 30 10:55:59.746 51.38 15.95 3.17 2 3
21329 91 05 02 11:19:11.556 47.90 16.44 2.87 1 3
21353 91 05 02 18:39:47A71 51.58 16A8 2.35 4 5
21362 91 05 02 22:27:43.955 47.96 16.46 3.34 1 3
21848 91 05 03 23:26:24.863 50.07 18.76 2.51 3 4
22152 910506 11:16:55.268 50.25 12.41 2.31 1 3
20932 91 05 07 01:45:52.602 51.44 16.60 2.27 2 5
20935 91 05 07 03:02:44.265 51.48 16.44 2.74 4 7
22298 91 05 08 11:14:38.279 50.24 12.60 2.33 1 3
22299 91 05 08 11:43:12.122 54.60 20.04 2.39 3 4
21209 910508 11:58:11.333 60.56 17.30 1.56 2 3
22467 91 05 09 08:57:16.530 39.13 15.66 3.37 2 3
22469 91 05 09 09:47:07.031 39.03 15.62 3.34 2 3
22482 91 05 09 19:37:23.882 51.59 15.99 2.65 1 3
22800 91 05 10 20:45:30.086 49.85 17.99 2.74 1 3
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orid Origin Time Latitude Longitude ML nsmW ndef2

22856 91 05 11 03:11:02.688 49.60 6.39 3.19 1 3
22913 91 05 11 10:02:03.302 51.53 16.72 2.33 3 4
21712 91 05 12 10:05:23.762 46.78 34.52 2.26 3 3
21911 91 05 13 10:46:40.273 45.37 11.26 2.82 1 3
22086 91 05 14 01:18:21.481 50.31 18.95 2.59 2 4
22859 91 05 16 10:44:51.266 49.58 6.58 3.37 1 3
23112 91 05 17 11:02:52.851 50.24 12.64 2.31 1 3
23190 91 05 18 01:44:40.065 38.61 19.92 4.01 3 3
23217 91 05 18 11:15:39.930 51.52 16.23 2.50 3 6
23275 91 05 19 03:22:10.519 50.28 12.09 2.44 2 3
23287 91 05 19 17:21:32.481 35.42 18.38 3.71 3 3
23406 91 05 20 11:03:53.555 50.29 12.35 2.47 1 3
23209 91 05 21 11:02:22.196 50.41 12.80 2.51 1 3
23231 91 05 21 16:49:23.537 50.50 18.05 2.49 2 4
23249 91 05 21 23:15:56.114 51.54 16.70 2.61 3 5
23615 91 05 23 11:01:06.643 50.21 12.75 2.43 1 3
23958 91 05 23 19:42:53.502 51.59 16.07 2.79 4 6
24348 91 05 26 12:26:04.754 40.68 15.76 4.97 3 4
24522 91 05 27 19:22:28.255 51.22 17.03 2.47 3 5
24533 91 05 27 23:49:55.250 35.60 27.39 2.37 3 3
24129 91 05 28 03:52:47.874 51.50 16.33 2.71 4 9
24140 91 05 28 09:28:46.199 42.38 28.66 4.20 3 3
23897 91 05 28 12:41:26.130 51.10 15.21 2.42 1 3
24177 91 05 28 18:27:08.040 42.39 26.46 3.37 4 4
24180 91 05 28 18:58:31.274 35.15 22.71 2.44 4 4
24215 91 05 29 01:27:53.829 51.15 16.59 2.60 1 4
24054 91 05 29 07:52:49.760 47.05 15.29 2.62 1 3
24390 91 05 29 20:24:59.883 45.99 9.70 3.72 1 3
24551 91 05 30 07:54:02.861 59.45 27.31 1.46 4 5
24554 91 05 30 09:23:43.536 50.12 12.79 2.41 1 3
24593 91 05 30 21:18:22.627 51.62 16.24 2.38 4 5
24924 910601 05:41:56.513 36.26 21.88 4.26 4 5
25117 910603 11:02:10.313 50.17 12.67 2.54 1 3
25351 910604 11:05:30.958 50.21 12.33 2.60 1 3
25365 91 06 04 13:08:02.809 50.16 13.32 2.34 1 3
25499 91 06 05 01:18:18.933 45.87 27.20 3.03 4 4
25534 91 0605 11:02:16.032 50.52 12.32 2.52 2 3
25274 91 06 06 12:04:39.583 54.87 21.01 2.17 2 3
25749 91 06 06 13:50:.18.952 50.07 31.89 2.65 3 3
25974 91 06 08 07:40:21.877 51.40 16.61 2.23 2 3
25975 91 06 08 08:09:26.614 37.96 10.25 3.57 3 3
26144 91 06 09 00:34:05.115 46.28 1.72 3.56 1 3
26145 91 06 09 00-.57:46.151 45.13 16.84 2.52 2 3
26660 91 06 14 02:34:54.127 50.58 18.85 2.67 3 3
26680 91 06 14 10:42:38.354 50.34 18.13 1.56 1 3
26846 91 06 14 14:08:05.024 49.70 6.44 3.05 1 3
27379 91 06 15 12:51:27.682 51.54 16.39 2.62 2 6
27398 91 06 15 18:30:07.573 51.51 16.65 2.26 3 6
27419 91 06 15 20:58:10.857 36.66 16.41 3.98 3 3
27463 91 06 16 05:53:15.915 51.44 16.18 2.23 2 4
27569 91 06 16 17:20:58.142 37.57 21.70 4.36 3 5
27688 91 06 17 03:06:43.886 49.84 33.02 2.49 3 3
27704 91 06 17 12:47:54.608 51.36 16.27 2.71 1 4
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ocid Origin Time Latitude Longitude ML nsta' ndef

26563 91 06 17 21:34:56.382 41.00 19.67 3.95 2 3
27169 91 0620 12:10:11.489 50.68 14.31 2.46 1 3
27074 910624 01:36:32.675 39.23 21.10 4.44 2 3
27982 91 06 25 13:24:20.515 46.26 13.52 2.44 1 3
28036 91 06 25 16:20:42.882 55.28 9.69 2.08 3 6
28293 91 06 26 11:43:40.505 39.37 22.46 4.84 4 8
28326 91 06 26 15:57:20.459 46.50 30.79 2.99 4 3
28335 91 06 26 20:01:30.838 40.57 19.24 3.67 4 3
27886 91 06 27 22:11:23.032 54.54 19.12 2.85 5 10
28063 91 06 28 02:32:56.449 51.56 16.13 2.31 3 6
28338 91 06 28 16:43:01.721 48.23 15.15 2.15 1 4
28186 91 06 29 08:12:28.896 39.15 20.59 3.80 3 4
28437 91 06 30 08:24:22.693 50.16 18.93 3.01 2 4
28467 91 06 30 18:36:16.336 51.52 16.07 2.65 2 7
28364 91 07 01 07:52:55.631 47.64 15.13 2.21 1 3
28543 91 07 01 22:24:24.598 44.68 28.78 2.41 3 4
28206 91 07 02 21:05:39.849 49.37 6.53 2.84 1 3
28555 91 07 03 03:31:49.435 43.16 27.39 3.21 3 4
28756 91 07 04 01:29:32.225 50.25 19.04 2.65 2 6
28762 91 07 04 06:44:38.513 51.44 16.31 2.90 1 3
28979 91 07 05 03:24:58.753 51.48 16.10 2.24 3 8
29081 91 07 05 15:30:50.155 50.57 18.84 2.03 3 6
29268 91 07 06 14:45:46.525 50.21 18.58 2.67 2 4
29348 91 07 10 05:55:47.984 43.31 23.38 2.90 3 3
29367 91 07 10 11:33:22.039 51.54 16.11 3.03 4 10
29396 91 07 10 23:57:20.093 51.55 16.20 2.20 4 9
29719 91 07 11 09:10:59.855 50.43 12.72 2.51 2 4
30016 91 07 12 03:44:47.927 47.06 11.26 2.83 1 3
30073 91 07 12 10:42:22.973 45.50 21.09 4.51 4 10
30096 91 07 12 16:29:23.605 45.83 19.82 3.07 4 6
30097 91 07 12 17:20:32.767 44.74 19.02 2.70 2 3
29428 91 07 12 18:58:01.090 44.19 28.17 2.85 4 3
29431 91 07 12 19:21:45.784 45.31 11.33 2.57 1 3
30111 91 07 12 21:13:30.954 48.05 20.43 2.60 2 4
30386 91 07 14 23:59:46.739 46.35 20.22 2.97 4 5
30408 91 07 15 15:45:26.919 46.52 19.16 2.77 4 7
30933 91 07 17 00:22:22.603 36.65 21.02 3.74 4 5
30934 91 07 17 20:05:46.099 36.76 20.80 3.78 4 5
30701 91 07 18 11:56:40.019 45.80 22.62 4.31 4 7
30709 91 07 18 12:03:38.196 45.35 21.93 3.00 2 3
30718 91 07 18 14:04:16.129 46.66 20.24 2.42 2 4
30844 91 07 19 01:19:53.660 45.44 21.32 3.77 4 6

30846 91 07 19 01:27:31.753 45.46 21.47 4.00 4 8
30648 91 07 19 02:43:26.717 45.22 20.70 2.98 4 5
30654 91 07 19 07:00:02.234 50.39 13.96 2.21 2 3

30422 91 07 19 08:06:42.268 45.52 20.53 2.68 2 3
31002 91 07 20 03:23:35.140 51.54 16.08 3.06 2 5
31015 91 07 20 03:36:53.656 46.55 19.52 2.89 4 5
31346 91 07 21 01:56:27.366 35.20 22.60 4.04 4 5
31364 91 07 21 13:07:07.938 51.51 16.11 1.71 3 9

31384 91 07 21 15:03:31.674 37.05 20.11 3.85 3 3
31388 91 07 21 17:10:.50.781 51.43 16.06 1.91 3 6
31389 910721 18:15:47.437 51.01 15.99 4.23 2 3
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31409 910721 21:34:26.818 39.18 22.73 3.50 3 3

31416 910721 22:50:41.171 51.60 16.22 1.79 4 8

31258 91 07 22 09:58:20.710 50.05 12.74 2.31 2 4

31399 91 07 23 08:40:50.255 42.73 14.07 3.10 3 4

31473 91 07 23 23:14:01.328 50.28 19.35 2.55 5 8

31610 91 07 24 03:17:45.260 51.64 16.02 2.66 5 8

31675 91 07 24 10:39:39.997 51.35 10.39 3.08 1 3

31686 91 07 24 11:00:38.272 50.33 12.49 2.36 2 4

31648 91 07 25 00:17:34.203 51.66 7.06 2.03 2 6

31685 91 07 25 04:41:06.715 49.20 6.48 2.85 1 3

31692 91 07 25 07:53:04.502 47.51 14.87 2.21 2 3

31729 91 07 25 08:26:28.351 43.51 31.55 3.95 5 7

32237 91 07 27 03:05:04.988 51.51 16.08 1.62 4 8

32247 91 07 27 11:38:13.803 37.50 30.67 4.39 5 5

32252 91 07 27 14:05:59.267 51.55 16.08 1.65 4 8

32254 91 07 27 14:44:25.286 40.18 31.03 3.94 3 3

32255 91 07 27 15:04:33.535 37.15 30.80 4.12 4 4

32441 91 07 28 23:32:43.213 51.52 16.13 2.34 5 7

32593 91 07 29 14:29:19.751 48.99 12.99 2.23 2 4

32597 91 07 29 17:00:52.855 35.26 29.70 2.39 3 3

32757 91 07 30 15:03:53.429 50.34 18.88 3.70 2 5

32766 91 07 31 07:28:39.391 51.50 15.99 2.56 5 10

33878 91 08 04 21:00:14.844 39.45 17.12 2.69 3 3

33811 91 08 05 09:18:28.586 50.45 13.57 2.31 2 4

34098 91 0806 11:00.47.773 50.50 13.70 2.46 2 4

34118 91 0806 15:04:40.125 44.92 21.97 3.04 5 6

34083 91 08 07 03:14:25.351 45.17 15.10 2.87 1 4

34105 91 08 07 09:17:40.023 46.54 26.42 3.43 5 9

34107 91 08 07 09:34:51.792 51.47 14.16 2.80 3 7

34121 91 08 07 09:59:33.443 50.59 13.97 2.66 2 4

34129 91 08 07 10:40:.37.738 50.55 13.42 2.32 2 4

34139 91 08 07 12:16:20.669 51.47 16.28 2.76 3 5

34297 91 08 07 19:24:04.173 45.30 20.78 2.91 5 6

34702 91 08 08 20:02:42.161 51.62 16.22 3.08 2 5

34948 91 08 09 07:10:06.365 46.40 13.86 3.25 1 3

34955 91 08 09 08:08:10.420 50.50 14.04 2.51 2 4

35393 91 08 11 21:26:15.930 46.98 19.41 2.61 3 4

35399 91 08 12 04:59:45.332 45.72 20.82 3.45 4 4

35458 91 08 12 19:26:09.176 50.21 18.97 2.57 3 6

34695 91 08 13 11:30:00.091 49.98 12.80 2.10 2 3

34938 91 08 14 11:43:56.196 49.17 14.06 2.33 1 3

34970 91 08 14 21:51:06.307 50.34 18.50 2.72 2 4

34980 91 08 14 23:35:56.997 45.06 21.25 3.65 4 7

34993 91 08 15 01:34:53.859 46.42 19.55 3.26 4 6

34998 91 08 15 04:44:37.377 45.46 21.46 3.33 2 3

34999 91 08 15 04:58:57.212 40.93 22.56 4.38 4 5

35050 91 08 15 19:35:23.016 45.24 21.09 3.03 3 4

35230 91 08 16 07:59:49.435 50.29 13.29 2.42 2 4

35308 91 08 18 23:02:08.726 46.73 19.27 3.05 2 4

35524 91 08 19 11:23:32.350 46.69 10.79 3.40 1 3

35595 91 08 20 10:29:10.244 50.53 15.66 4.20 1 3

35793 91 08 20 16:59:43.019 48.04 24.58 3.29 1 3

36111 91 0823 10:04:07.763 50.22 12.36 2.33 2 3
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36122 91 08 23 12:11:23.461 51.60 16.04 2.65 4 8
36918 91 08 27 22:02:59.829 38.74 15.73 3A3 4 5
36561 91 08 28 00:03:37.872 44.57 15.34 3.47 2 5
37053 91 06 29 13:14:52.107 50.53 14.59 2.74 2 4
37668 91 09 03 05:52.45.022 45.19 14.97 2.86 1 3
37672 91 09 03 07:36:45.481 54.64 19.13 2.38 3 5
37704 91 09 03 12:13:23.324 61.62 -5.05 2.41 5 6
38119 91 09 04 12:34:49.683 51.21 14.20 2.85 2 5
38188 910906 07:00:.10.851 50.41 13.94 2.41 2 4
38296 91 09 06 10:43:59.122 51.43 14.07 2.97 2 4
38301 91 0906 11:32:53.503 51.56 16.18 2.78 5 8
38411 91 09 06 20:25:29.833 50.87 18.99 2.95 2 3
38419 91 09 06 23:17:48.659 49.95 11.81 2.64 2 3
38575 910907 06:11:04.143 45.54 -.21 2.49 2 3
38617 91 09 07 12:01:45.496 46.55 19.36 2.86 1 3
38618 91 09 07 14:00:22.884 44.80 12.98 2.73 1 3
38789 910908 19:45:16.211 41.28 18.94 3.84 5 7
38937 91 09 09 10:33:32.233 51.58 14.08 2.47 3 6
39286 91 09 10 11:26:30.715 51.42 14.23 2.99 2 4
39339 91 09 10 18:59:31.516 41.92 27.03 3.35 3 4
39510 91 09 11 10:09:55.255 50.62 13.55 2.38 2 4
39518 91 09 11 11:02:36.369 48.17 15.15 2.04 1 3
39519 91 09 11 11:05:58.863 51.58 14.03 3.19 2 5
39700 91 09 11 16:24:20.401 51.59 16.06 2.31 5 9
39743 91 09 12 09:36:33.962 51.59 14.02 3.18 2 5
39787 91 09 12 11:13:50.639 50.29 12.51 2.29 2 4
39452 91 09 13 02:23:19.482 51.57 16.36 2.12 5 9
39461 91 09 13 08:38:27.730 51.02 15.93 2.63 2 5
39888 91 09 14 10:27:53.040 50.48 30.26 2.54 3 3
39732 91 09 15 11:03:32.055 35.37 27.52 2.56 5 4
41640 910925 11:58:50.281 51.01 13.69 1.86 2 3
41650 91 09 25 13:21:22.543 37.04 16.12 3.88 4 4
41656 91 09 25 14:53:25.760 36.30 14.83 4.09 4 4
41671 91 09 25 21:21:32.634 36.81 15.03 3.65 4 4
41694 91 09 26 10:26:26.087 50.58 13.64 2.50 2 4
41721 91 09 26 13:29:50.771 50.54 14.52 2.48 2 4
41757 91 09 27 09:30:.40.755 51.67 14.03 3.26 2 5
41769 910927 11:31:05.590 51.61 16.21 2.99 2 4
41772 910927 11:41:23.661 45.98 11.42 2.85 1 4
41791 91 09 27 16:05:04.348 51.59 16.05 2.26 5 10
41892 910927 19:30&.08.057 36.19 21.07 4.14 5 4
41792 91 09 28 00:37:52.142 51.51 16.25 2.53 5 9
41796 91 09 28 04:00:14.608 50.31 18.78 2.45 2 4
41829 91 09 29 04:37:26.677 47.74 15.55 2.46 2 4
41850 91 09 29 21:41:23.667 51.30 24.53 2.96 5 5

1. The number of detecting stations.
2. The number of defining phases (number of phases used to locate the event).
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Figure 26. Epicenters are plotted for the 255 events in Data Set #3-
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Figure 29. This map shows the locations of the events in Data Set #3 that are within
approximately 300-400 km of GERESS (open circles). The solid triangles indicate the
location of known mines in this area: (1) copper mine in Lubin, Poland; (2) Dubna
Skala; (3) Dubring; (4) Schwarzkollm; (5) a mine in the Volgtland area [Wuster, 19921.
There are many other mines in this region (e.g., along the border between Germany
and Czechoslovakia), but more information regarding the activities of these mines is
needed to accurately associate events recorded at GERESS with them.
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Figure 30. The locations of eight events in Data Set #3 are plotted. Sample

waveforms for these events are plotted in Figures 31-38. The orids in Table 9 are (1)
41757, (2) 39452, (3) 38411, (4) 22298, (5) 22859, (6) 35399, (7) 36561, and (8)

27074.
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Analysis Cewer in Norway. Waveforns for the other events in Data Set #3 are of
sinmilr quality.



$. CONCLUSIONS

We developed a data set to test and evaluate the performance of neural networks
for automated processing and interprepation of regional seismic data. This data set
may also be valuable for other applications related to seismic monitoring at regional
distances, and it is available at the Center for Seismic Studies (CSS) in an Oracle data-
base or in UNIX tar format on exabyte tapes. It consists of waveform and parametric
data from >500 regional events recorded by the short-period elements of the NORESS
and ARCESS arrays in Norway, and the GERESS array in Germany (the Oracle data-
base at CSS also includes data from the FINESA array in Finland and a 3-component
station in Poland called KSP). The epicentral distances are primarily 50--2000 km, and
the magnitudes are primarily 1.0-5.0. Most of the events are mining explosions in the
western part of the CIS, Sweden, Finland, Poland and Germany. Also included are 22
presumed underwater explosions, and 51 earthquakes in Fennoscandia that were
identified in a regional bulletin produced by the University of Helsinki. Other
presumed earthquakes (for which independent bulletin information was not available)
include events in the Alps and Mediterranean region that were recorded by GERESS.
The Oracle database is in CSS 3.0 format, and the exabyte tapes include waveforms in
SAC binary format and parametric data in ASCII tables. Detailed documentation has
been developed for each event, and is included in a 13-volume report at the CSS.
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